In many UK general practices, nurses have been used to deliver results against the indicators of the Quality and Outcomes Framework (QOF), a 'pay for performance' scheme.
BACKGROUND
The Quality and Outcomes Framework (QOF) has been a major initiative in UK primary care. The framework is intended to incentivise and reward quality care for a number of significant patient groups with long-term conditions in addition to generic organisational factors. 1 It consists of a range of indicators of process, and intermediate clinical outcome and practices are rewarded for achievement against those indicators. Most English general practices participate in the scheme.
In many practices much of the work involved in delivering results against the QOF indicators has been delegated by GPs to nurses, 2 and over recent years there has been a steady increase in both the number of nurses employed in general practice and the proportion of consultations that are undertaken by them. 3, 4 Some have argued that there is considerable scope to further increase the amount of primary care delivered by nurses, 5, 6 but the potential extent and desirability of substitution is contested. 7 Evidence of the impact on the quality of care of this increased nursing contribution is scant and there is little if any data on which to plan an optimal skill mix between nurses and GPs in general practice.
In observational studies, quality of performance in general practice has been linked to a number of organisational factors including practice size, number of GPs, and list size per full-time equivalent (FTE) GP. 8, 9 However, while the association between practice size and performance has been attributed to the ability of larger practices to better deliver multidisciplinary care, 9 few studies examining performance in general practice have directly considered nurse staffing. Furthermore, not all studies show the expected benefits of a larger team when considering the quality of clinical aspects of care, 10, 11 and studies covering limited geographical areas have failed to find a link between nurse staffing and quality of clinical care. 12, 13 This study examines whether practices that employ more registered nurses (practice nurses/nurse practitioners) deliver better clinical care as measured by the clinical indicators of the QOF.
METHOD

Data sources
A number of data sources were used (Appendices 1 and 2). QOF data for 2005/2006 were obtained from the NHS Information Centre at Leeds and linked to practice and population data. 9 It was not possible to identify a source for the number of FTE practiceemployed nurses in individual practices. The number of nurses employed by each practice (head count) for 2006 was obtained from the healthcare information specialist Binleys, and the number of FTE practice nurses employed within each primary care trust (PCT) (2005/2006) was obtained from the NHS Workforce Projects benchmarking database.
14 The number of FTE practice nurses for each practice was estimated by assuming that the ratio of FTEs to the headcount is constant across all practices within the same PCT.
To validate this estimate, a survey was conducted on a random sample of GP practices in early 2008 (stratified by 28 strategic health authorities) and practice sizes. One hundred and twenty-four of 167 practices (74%) responded. There was good concordance between the estimated FTE practice nurses for 2008 and actual FTE practice nurses based on the intraclass (measure of agreement) and Pearson correlations (both 0.68). 15 This indicates substantial levels of agreement. The mean difference between the survey and an estimate using the study model was 0.01 FTE nurses. Errors were not significantly related to practice characteristics except practice size, with errors of lower magnitude in smaller practices due to a floor effect.
In 2005/2006, the QOF consisted of four domains (clinical, organisational, patient experience, and additional services). Within the clinical domain there are 10 clinical areas each consisting of a number of indicators: asthma (7), cancer (2), chronic obstructive pulmonary disease (COPD) (8) , coronary heart disease (CHD) (15), diabetes (18), epilepsy (4), hypertension (5), hypothyroidism (2), severe longterm mental health (5), and stroke (10) . Some indicators relate to all patients with a particular condition (for example, diabetes mellitus glycosylated haemoglobin [HbA1C] recorded), whereas others relate to a subset of patients (for example, diabetes mellitus HbA1C ≤10%, which relates only to those whose HbA1C is recorded). Associated with each indicator is a measure of reported achievement (number of patients who have achieved the indicator divided by the number of patients for whom the indicator was deemed appropriate), population achievement (same as for reported achievement except divided by the register size) and exception reporting (subtract number of patients for whom the indicator is deemed appropriate from the register size and divide by register size). Because there was a 6-week gap between the reporting of registers and the end of the QOF period, the register size was estimated. Either the reported register size or the largest indicator denominator was used, whichever was the larger. This paper focuses on reporting results on overall population achievement for eight of the 10 clinical domains where at least one domain indicator applies to all patients on the domain register. Neither cancer nor epilepsy met this criterion, so it was not possible to calculate a composite population activity score for these two domains.
To determine if nurses had an impact on specific clinical outcomes as well as processes, a subset of clinical indicators, taken from the 10 clinical domains, was selected for modelling, in addition to the composite scores. These are referred to as clinical outcome indicators. These indicators were:
How this fits in
Performance in general practice has been linked to a number of organisational factors including practice size, number of GPs, and list size per full-time equivalent GP. The association between larger practices and performance has been attributed to the ability of larger practices to better deliver multidisciplinary care, and many practices extensively use nurses to deliver performance on QOF targets, but few studies have directly considered nurse staffing, the single largest non-medical clinical profession working within general practice. Furthermore, extensive nurse for doctor substitution is often advocated based on evidence from trials whose results may not translate into routine practice. This study demonstrates that practices that employ more nurses perform better in a number of areas measured by the QOF and that patients of these practices have better intermediate clinical outcomes.
• CHD: blood pressure ≤150/90 mmHg, total cholesterol ≤5 mmol/l; • diabetes mellitus: HbA1C ≤7.4%, HbA1C ≤10%, Blood pressure ≤145/85 mmHg, total cholesterol ≤5 mmol/l;
• hypertension: blood pressure ≤150/90 mmHg;
• stroke: blood pressure ≤150/90 mmHg, total cholesterol ≤5 mmol/l; and • epilepsy: seizure free for 12 months.
Sample
The QOF dataset for 2005/2006 holds data on a total of 8409 practices. The study excluded very small practices (<1000 patients), practices without condition-specific registers or with registers that had no patients, practices that included less than half of patients subsequently reported for individual indicators in their registers, and practices with missing data on practice nurse staffing at the PCT level. The number of practices remaining in the analysis ranged from 7431 to 7456, depending on the outcome variable being analysed, representing about 48 million patients registered in England. The unit of analysis was the practice.
Model fitting
The methodology of Doran and colleagues was used to model variation across performance on these clinical domains and outcome indicators. 8 A two-level multilevel model (practices nested within PCTs) was estimated using the multilevel modelling software MLwiN.
A weighted sum of indicator achievement and exception reporting was calculated for each clinical area, where each indicator was weighted by its maximum number of QOF points. Intercepts were allowed to vary across PCTs. All other variables were estimated as fixed effects. Normally distributed random effects were assumed in models of composite scores and percentage achievement. Collinearity among the unstandardised independent variables was explored before proceeding to fitting the model using the condition index, removing variables where collinearity was indicated, to keep the index below 30 as suggested by Belsey. 16, 17 In subsequent modelling, standardised independent variables were used, except for single-handed practice (0 = two or more GPs; 1 = one GP) and the primary medical services contract (0 = general medical services; 1 = primary medical services) variables, to allow for ease of computation of the multilevel model, 18 and to assist in identifying those independent variables with the largest effects.
A variable that indicated whether an indicator was used to calculate the register was derived and included in the model for population activity, to correct for any associated biases. Regression models of the subset of clinical outcome indicators included independent variables that measured exception reporting, that is, whether the indicator had been recorded (for example, diabetes mellitus blood pressure recorded) and if so whether the recorded measurement was actually reported (for example, diabetes mellitus blood pressure ≤145/85 mmHg).
The model included independent variables for geographic area (density, Index of Multiple Deprivation), characteristics of the patients (percentage of patients aged ≥65 years, percentage from a racial or ethnic minority), the practices (size, list size per FTE GP, single-handed practice, primary medical services contract), the GPs (percentage aged ≥45 years, percentage of females, percentage qualified in the UK), prevalence, and exception reporting. Three independent variables were excluded due to collinearity (percentage whose health was good, percentage of patients aged <15 years, and percentage of patients who were female).
A variable was added to these models representing practice nurse staffing. Variation associated with the nurse variable was tested globally and, in order to explore threshold effects, the practice nurse variable was grouped into quintiles (≤3038.01 patients per FTE practice nurse, 3038.02-3901.48,3901.49-4823.44, 4823.45-6210.68, ≥6210.69), and a sixth category added to identify those practices that did not have a practice nurse. 'No practice nurse' was used as the reference category that all other categories were compared against.
RESULTS
Nurse staffing (list size per FTE practice-employed nurse) was significantly associated with a number of practice characteristics (Appendices 1 and 2). Practices without a practice nurse were more likely to be found in densely populated and deprived areas where there was a higher proportion of patients from racial and ethnic minorities. The GP profile of these practices was older and male, and over 50% were qualified outside the UK. They were often run by a single GP under a general medical services contract. After controlling for profile variables, higher levels of nurse staffing are associated with better performance on the QOF in a number of areas.
Better performance on the clinical domains of the QOF was significantly associated with higher nurse staffing for COPD, CHD, diabetes, and hypertension (P = 0.004 to P<0.001) [ Table 1 ]). The highest levels of nurse staffing (list size <3038.02 patients per FTE practice nurse) was significantly (P<0.05) associated with better performance when compared with having no practice nurse for COPD, CHD, diabetes and hypothyroidism (although in the latter case the global test was not significant). The largest effects were for COPD (β = 2.03) and diabetes (β = 1.94). Better performance was significantly associated with all levels of staffing above the fifth quintile (list size <6210.69 patients per FTE nurse) for diabetes and above the third quintile for CHD (list size <3901.49 patients per FTE nurse). Although not reported here, the results for models using reported achievement for these clinical domains were broadly similar.
Better performance on four of the ten clinical outcome indicators was significantly associated with higher nurse staffing (P = 0.006 to P<0.001) ( Table 2 ). For diabetes HbA1C ≤7.4%, better performance was significantly associated with practice nurse staffing in the third quintile and above (list size <3901.49 per FTE nurse). For diabetes total cholesterol ≤5 mmol/l, benefits were apparent with all nurse staffing levels above the fifth quintile (list size <6210.69 per FTE nurse). A similar relationship existed for CHD total cholesterol ≤5 mmol/l, although the overall relationship was not significant (P = 0.06). For British Journal of General Practice, January 2010 P Griffiths, T Murrells, J Maben, et al e40 diabetes HbA1C ≤10% and stroke total cholesterol ≤5 mmol/l, better performance was associated with any level of nurse staffing. In all these cases except stroke total cholesterol ≤5 mmol/l, higher levels of nurse staffing were associated with greater improvements. List size per FTE GP was negatively associated with QOF scores (that is, the more patients each GP looked after the lower the score) for the asthma clinical area (β = -0.17, 95% confidence interval (CI) -0.32 to -0.02, P = 0.035) and the total cholesterol clinical outcome indicators for CHD (β = -0.12, 95% CI = -0.20 to -0.04, P = 0.004) and stroke (β = -0.12, 95% CI = -0.21 to -0.03, P = 0.011). However, practices with larger list size per GP had better QOF scores for mental health (β = 0.25, 95% CI = 0.11 to 0.39, P = 0.001) and diabetes HbA1C ≤7.4% (β = 0.15, 95% CI = 0.05 to 0.25, P = 0.007).
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Single-handed practices performed worse for the HbA1C ≤10% clinical outcome indicator (β = -0.54, 95% CI = -1.04 to -0.05, P = 0.038) but better for epilepsy convulsion free for 12 months (β = 1.60, 95% CI = 0.20 to 3.00, P = 0.032), hypertension blood pressure ≤150/90 mm/Hg (β = 0.99, 95% CI = 0.31 to 1.66, P = 0.006), and stroke blood pressure ≤150/90 mmHg (β = 0.83, 95% CI = 0.17 to 1.49, P = 0.019).
DISCUSSION
Summary of main findings
This study has found evidence of an association between nurse staffing and the quality of clinical care as measured by the QOF in English general practice. Those practices that had more nurses performed better in a number of clinical domains. The analysis of clinical outcome indicators suggests that this improved performance on the QOF may be linked to real improvements in patient condition, not simply improved compliance with processes. The link between QOF performance and GP staffing was less clear. The study found both positive and negative associations with QOF scores for list size per GP and single-handed practices.
Strengths and limitations of the study
This study includes data covering the vast majority of patients in English general practice. Although some practices were excluded, the study has examined evidence from English general practices providing care to 48 million patients. It controlled for potential confounding variables, but observational studies such as this cannot account for unmeasured factors. It may be that higher nurse staffing is associated with other unmeasured attributes of quality within the practice, and if this is the case increasing nurse staffing will not bring benefits unless these factors are attended to. The QOF is a self-reported measure and practices can selectively choose not to include some patients in it. Population achievement was used for the primary analysis, and exception reporting was considered in the analysis of clinical outcome indicators as an attempt to control for this, but the success of bias correction using this approach is uncertain.
Because there is likely to be dependency of varying magnitude between quality scores across the different areas of care, it would not be possible to arrive at a correct adjustment factor for P-values to accurately determine statistical significance in the light of multiple tests. However, all but one of the statistically significant global tests of a relationship with nurse staffing showed a P-value of <0.01, and so type one error is unlikely to completely explain the study findings.
The QOF only measures some aspects of care and it is not possible to be sure that the quality of care in other areas and conditions has not declined as the QOF performance is prioritised. Practice nurses among others have suggested that delivery of QOF targets has been to the detriment of patient care.
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Although the study conclusion, that improved outcomes are associated with higher nurses staffing, is supported by the analysis of objective clinical outcome indicators, these are intermediate outcomes. Finally, although the study estimates of nurse staffing were reliable, they did contain error. It may well be that if actual practice staffing data were available, the magnitude of the relationship could change.
Comparison with existing literature
There is evidence from controlled trials that nursefor-doctor substitution can be effective and deliver care that is essentially equivalent, 20 but evidence from such experimental implementations does not necessarily translate into routine care. Recently it has been suggested that the vast majority of 'routine' care in general practice could be delivered by nurses. 5 Previous research on quality in general practice has not found a clear association between nurse staffing and outcomes, 12, 13 but these studies were considerably smaller than the present one. While this study cannot directly address a wholesale shift in care, it did not identify a threshold of nurse staffing above which the association between nurse staffing and quality disappears.
Although the greatest increases in performance were associated with having any practice nurses, no clear evidence was seen of a plateau or ceiling effect. In most cases where there was a significant relationship there was a clear trend for increasing performance with increasing nurse staffing. In some cases, differences in performance relative to practices with no nurses were only significant when compared to those with the highest staffing levels.
It may be that additional nurses simply add to the number of clinical staff available and thus lead to larger and more diverse teams, as has been suggested by some. 13 However, this study did not show any consistent relationship between performance and list size per GP or single-handed practices. The magnitude of the relationship observed is relatively small, but the relationships identified between performance and nurse staffing are among the stronger relationships identified in the models used.
Implications for clinical practice and future research
A higher level of nurse staffing is associated with higher-quality care and better clinical outcomes in some areas measured by the QOF criteria. These findings lend some support to the call for an increased nursing contribution in primary care and suggest that there may be scope for more growth in the number of nurses being employed in UK general practice. While this observational evidence supports the findings of controlled trials of nursefor-doctor substitution, it is unclear if the benefits observed are due to effective substitution, an overall increase in capacity, or a combination of both. Further research is required to determine if the relationship is causal. The variations in results across clinical domains may relate to variations in activity or effectiveness of nurses in those areas, and future research needs to investigate the configuration of services and deployment of nurses more specifically. Further evidence is required to determine if the clinical benefits suggested by intermediate outcomes are translated into substantial benefits to patients, ideally using data external to the QOF. 
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